mnt: C!. J 

G 11 C 11/34 

G 11 C 7/00 



1 0 1 97<7) C 19 
97(7) C 102 



7361— 5 B 
7368—5 B 



© tB 8E ^ Bfl 

BS54— 101229 

Bg*D544£(1979) 8 9 B 



^m<r>^L 1 



(£4 M) <T 



@^ SI BS53— 7975 

<@tti SB BS53(1978) 1 E26B 



3KK»^E23£TB33# l ^f- 

®a i a B*msu*5?;#f± 

3lCSr«PyeES3iTB33# 1 -Jf- 



% ® "5^ 

% °1 



w *e * 

y-*XttKu-f xaiAft&ec**!.*:— wo* ? 

3. $gggof**a*g$i9i 



MO s-RAMwt^SfcffcKif**^?' 
3 ttTt — WO h Jyf^^i, — W 

IE- WO ► ? ^**o3rxfc8i/& 

l of&i, JbE — Wo^^f ^ 

* f 2 of stt 

* 1 >I V* 2 OfHIC i^-C JtKKX^Wt^^ 



*f©*v;*h ^v^>^^ (101 ,102) 

y -^«ffiiT»tic tKiD n 

OKu^rvo-fe^^n^CA , A ) 
rU:f**-* ^^[qJIftt, ««lfj0 7-K||(W l( W l , 
•• ) rciXt*-^or>l hi( D , 0) £ 

•fc (A ( A) ifc-tft.-ett^-htfifiai 

( 1 0 3,1 04 )*: j£~>-C£tt3*^ ±K7-.Kj!i 

K h ? v 1 f 9 v 

* y -fe^^Ktir U *-v©*«imw* 
r-f H*"i i/ft K ^'^nALtl 

i&rci^-t* ier^;y k a*** k^/« y 

h * v * ( 1 0 5 ) ■> ► «»k:±e 

(*o)>i cffta^^;* (<pt ) xn* 



«HH54- 10 1229(2) 

#A ( A , a ) tltffH-o^mititti L% 
*»f¥*»»C ft it *fc*tt<h L "C J; Eft jf K 
? ^^^^ *«0f^,«i 4 u iocojWfiflt/ 

«*ttK:?£«L, * ^***Ts*K:ffKJ:Eft*- 

^ * ( *T ) £ <£ £ L -C Jb E -f ► 

y 7 u y y *iitttt Sftse-r* X 5 K Lrtilftl*^- 



OA^^(i/tJ f I/0) £ JfcE* 

( a f a ) rc-t*i^*i© K U- -f 1 r>*y - j*t>c 

* 1 antowwo- *tJtft©fi*£»(9 attar *> 



15 



20 



*o t <omnmn % k^>k^<o yv* vk^- y 

#ifty -^WAB.ottttT»tACi |CI}« 
- KfcDW, B J)W tt M ttt u 
tf-fr-f h »©-» ( dxhD ) t 7- K« 



4=^ ^^^tt^t4»^h?y;^M 05 5 

^^ 1 0 6,1 0 7Oy-htYr3*-^|U^Y j 10 

1 0 8 , 1 0 9©y ~-*K*n*tim*i, % & * ? 15 
^ & x * 108 , l09OKw"f y <r*«tt©m« 



-212- 



*2Htt»l B ©**«© ft f>»t «©**>©« 

tt*r *r >f f y > * * ^ -* tt 

-c^r* i or«*«aE * 5Vitui*!i2V 

¥ 7 U * V^JHfyjfc© 5 0 *S J^K5£7 
frCAio fc©*8M t, ttr-fi^y m«D , Do 
tCtt^-f-A^t - -k A--s© ^ * - 7- Ktlt*^ 

* *> 7 - k^^^^w fri^/i - 7- 
* h *ttK*n**©* A^f>©*»fli**wat 



10 1229(3) 

r <i <s * h mm <o m fsr v 0 , vF^r >j t^-^^ 

^ 0 L t««ttitiiiK:i!)lEKfi4 v © 

* -fe V .* T ^ rmAtll § iitf 20ns 
OftCC 'J 7 u * yap t 4 fCSiJi?, e^^<^^ 



^ T ^ r til 1>X &M3tl& 0 £©«», -te^-XT 
£ © ft « h ^^^i-fcy^f 

tM S> ^ h figs** fcJ** 7-K^>^^W# 

7 — K * * *dw n--t x ^ ^> 0) s 



t t I) % 10— 10ns * £ 0 C © M K 7* 

^ o at. J* & <o r r + - <s *s ^ - ^ ai ai k: ^ ^ 

itLT % 0.0 1^-0.0 5 P-P SKo* y ^fi^Si 15 



-213- 



-bi«o^^^i*c>^-c, r >r * k **** 
5fy * ij (UK c: <t#T* e: 

ta^, 101.102 *5/*>j**„ 

d , 5 r * w, , w, 7 - k«u 

DW I( DW, *»*-7-Kjft % 103.104- 

■»M h * y 10 5 tt^^y;* 



«HH54- 10 1229(4) 

1 0 6 , 1,0 7 AMI] t * f t> * * s 108 t 

1 0 9 7* 5/ h * 5/ 4> J* ^ 0 

'-^ j.-rri: i# jy v 




♦frWiSSI 17^2 <7)iS^fC J; SffiJE^Wtt 



^ fet tit! IE f 



OS m 5 3 ^« 7 9 7 5 ^ OftBfl 03 

5 4 - 1 0 1-2 2 9 4§-, HafP 54 ^ 8 ^ 90 



Int . Ci 



G 1 It 11/3 4 
7/00 



1 0 1 



8 3 2 0 - 5 B 
6 5 4 9 - 5 B 



Mp 3* rr & tr RJ 
l. 

3. MHE$r+*-ft 



60. 1.25 



113-fU 5 3 «f- W J?fl3S 7975 ^ 

/ ^ 'J lei Fft 



di Jtfl A 
iKJjf fill«IE2iiTH331lir 1 J> 
(423) B*****^*! 

ft £ ft M . * J6 & 



4. ft *1 A 




T108 iK«i'£EXliTH37fft8 fK&Kfflfcrn. 

a * ^ n ♦* A n 

( 6 5 91) # 15 ± F*l J£ 
3t J* 5K IjT (03) 456 — 3 I 1 KiAcftli) 
(iJIftfc n * m mm) 

5. fiSlEft: i i? JtfJra-f A5S*^ott H 60. 1 fd) 



6. *S E O *t & 

^ m & <o rp m & o «g bi © ^ 

7. Iff iE (O ft <§: 




r m j& j 

v ^ 2 o rc x o -c an «e — n<o? ^ v y \ 

2^ * >- * T V 7* £ . — *f © ^ 4 v> y h « t » fft 

fiij re— *t © tM c> * K « 1 3? 

S: H£ i& U ft: I j? tev* <f fa u a, *t h C t £4$ 
— *J © 7 s -f ^ y k m i , & — *j o -f y h 

tto-tn-pn w:^^ $ - -fe ^ i , ^-^t 



( 17) 



K 



(18 ) 



JAPAN PATENT OFFICE Q. v° 

PATENT LAID-OPEN OFFICIAL GAZETTE <J* 

s 

Laid-Open No. 
S . 54-101229 



Laid-Open 
August 9, 1979 



Application No.: S. 53-7975 

Filed: January 26, 1978 

Inventors : Toshio Wada 

5-33-1 Shiba, Minato-ku, Tokyo 
NEC Corporation 

Applicant: NEC Corporation 

5-33-1 Shiba, Minato-ku, Tokyo 

Attorney, Agent : Susumu Uchihara 



- 1 - 



1. TITLE OF THE INVENTION 



Memory Circuit 

2. WHAT IS CLAIMED 

A memory circuit comprising a pair of transistors, where 
the gate of each transistor is interconnected to the drain 
(or the source) of the other transistor, and the sources (or 
the drains) of both transistors are connected to each other, 
a pair of digit lines, a first means for selectively 
connecting the digit lines to the drain (or the source) of 
the two transistors, and a second means for selectively 
connecting the digit lines, and where potentials of the 
digit lines and that of the drains (or the sources) of the 
pair of transistors are almost equivalent using the first 
and second means . 

3. DETAILED DESCRIPTION OF THE INVENTION 

This invention relates to memory circuits using 
insulation-gate field effect transistors (FET) applicable to 
high-speed, large-capacity MOS memory integrated circuits. 

The additional capacity of digit lines increases in one- 
transistor type of MOS RAM used for constructing large- 
capacity MOS memory integrated circuits; as a result, 
address access time and reset precharge time increase, 
making it difficult to achieve high-speed operation. In 
addition to lowering power consumption, shortening address 
access time and cycle time are particularly important 
factors in realizing a practical memory device. 

The objective of this invention is to provide a memory 
circuit capable of high-speed operation without the above 
problems . 

This memory circuit is characterized by a pair of 
transistors, where the gate of each transistor is 
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interconnected to the drain (or the source) of the other 
transistor, and the sources (or the drains) of both 
transistors are connected to each other, a pair of digit 
lines, a first means for selectively connecting the digit 
lines to the drain (or the source) of the two transistors, 
and a second means for selectively connecting the digit 
lines, and where potentials of the digit lines and that of 
the drains (or the sources) of the pair of transistors are 
almost equivalent using the first and second means. 

In this invention, a memory circuit with insulation-gate 
FETs can be configured as follows: 

A sense circuit amplifies the potential difference of 
sense contact points (A, A) at the drains by lowering the 
common source potential of a pair of sense transistors where 
the gate of one transistor is connected to the drain of the 
other transistor. A pair of digit lines (D, D) 
intersecting at a right angle to multiple word lines (Wl, 
W2, ....) are connected to sense contact points (A, A) by 
transmission transistors 103 and 104 whose gates are driven 
by transmission pulse 0T . A one-transistor memory cell 
composed of a transistor and a capacitor is connected to a 
word line and digit line. Cell storage charge is supplied 
to the sense circuit through digit lines and transmission 
transistors for detecting information. The drain and source 
of connection transistor 105 whose gate is driven by 
connection pulse 0c are connected to the pair of digit 
lines. By making connection pulse 0c and transmission pulse 
0T high potential at reset, the pair of digit lines and 
sense contact points (A, A) take on almost the same 
intermediate potential. The transmission transistor enters 
the cut-off state by lowering the transmission pulse 
potential during the sense operation period. In this 
precharge period, the pair of digit lines is charged to high 
potential. When sense operation ends, transmission pulse 
(0T) potential is raised again to set the refresh potential 
of the pair of digit lines. 

In addition, the memory circuit can include input/output 
transistors in which the drain and source of each transistor 
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are connected to respective input/output lines (I/O, I/O) for 
external circuits and sense contact points (A, A) , and the 
gates are driven by decoder output signal Y j . 

By this invention, since no precharge is required at 
reset, cycle time can be shortened, achieving a high-speed 
memory circuit having high sensitivity. 

Figure 1 is a partial circuit diagram showing an 
embodiment of this invention. This embodiment includes a 
pair of drive transistors 101 and 102 as a sense amplifier 
in which the gate of each transistor is connected to the 
drain of the other transistor. The potential difference of 
sense contact points A and A as drains is amplified by 
lowering the potential of common source contact point B. 
Lowering the potential is controlled by common transistor Qs 
in which sense pulse 0s is input to its gate and its drain 
and source are connected to common source contact point B 
and reference potential (ground), respectively. A storage 
matrix consists of column lines composed of word lines Wl, 
W2 .... and dummy word lines DW1 and DW2, row lines composed 
of digit lines D, D, D', D' . . . . , and memory and dummy cells 
composed of transistors Q and capacitors C at matrix 
intersections. These memory cells are known as one- 
transistor memory cells. In general, when a memory cell, 
which is connected to one of the two lines in the digit line 
pair (D or D) and a word line, is selected, a dummy cell 
connected to the other digit line (D or D) is also 
selected . 

The pair of digit lines D and D and sense contact 
points A and A are connected to the drain and source of 
transistors 103 and 104 whose gates are driven by 
transmission pulse 0T . The gate of connection transistor 
105 is driven by connection pulse 0c and its drain and 
source are connected to the pair of digit lines D and D. 

Storage data is input or output by driving the gates of 
input/output transistors 106 and 107 with Y-decoder output 
Yj; the drains and sources of these transistors are 
connected to respective sense contact points A and A and a 
pair of input/output lines I/O and I/O generated by 
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complementary signals. Y-decoder output, which is 
transmitted to each sense amplifier, controls the connection 
between the sense contact points and the pair of 
input/output lines . The sources of precharge transistors 
108 and 109 are connected to digit lines D and D, the 
drains are connected to power lines Vdd, and the gates are 
driven by precharge pulse 0L. Common source B of the sense 
amplifier is connected to the source of common transistor 
Qp, whose gate is driven by connection pulse 0c and drain is 
connected to power line Vdd. 

Figure 2 is a timing chart illustrating the operation of 
the embodiment shown in Figure 1 . 

A pair of digit lines and sense contact points are in 
equilibrium and at intermediate potential since only 
connection pulse 0c and transmission pulse 0T are at high 
potential during reset period tl. The intermediate 
potential, which is generated by the average of the digit 
pair potentials during a refresh period, is about 2 V when 
power voltage is 5 V. Reset period tl completes within 50 
ns after the refresh period since intermediate potential is 
low. Access period t2 follows reset period tl. When word 
pulse 0w and dummy word pulse 0DW reach high potential, 
access period t2 begins to select the word line for the 
memory cell connected to digit line D or D or the dummy 
word line for the dummy cell connected to the other digit 
line. Access period t2 completes when storage charge from 
the both cells affects the pair of digit lines, potential 
difference occurs at the pair of sense contact points, and 
transmission pulse 0T becomes almost 0 V. 

When transmission pulse 0T reaches low potential, the 
pair of digit lines and the pair of sense contact points are 
electrically isolated since the transmission transistors 
enter the cut-off state. At this time, potential difference 
(VA, VA) of the pair of sense contact points is amplified 
since the potential of sense pulse 0s gradually rises and 
common source potential of the sense amplifiers falls. 
Potentials VD and VD of the pair of digit lines are charged 
to about 4 V by making the potential of precharge pulse 0L 
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high. When potential difference (VA, VA) of the pair of 
sense contact points in the sense amplifier is amplified 
regardless of the pair of digit lines, the pair of 
input/output lines transmits/receives data for the sense 
amplifier corresponding to Y-decoder output Y j . Therefore, 
high speed data output within 20 ns can be achieved during 
data period t3 since electric charge of a sense amplifier 
contact point, which has additional capacity extremely 
smaller than that of the digit line, is removed. In refresh 
period t4 following data period t3, transmission pulse 0T 
reaches high potential again and current conducts between 
the pair of digit lines and sense amplifier contact points. 
In refresh period t4, a digit line connected to a sense 
contact point having lower potential is discharged through 
the transmission transistor and sense amplifier. At this 
time, discharge from the other sense contact point having 
high potential is completely prevented by the current gain 
ratio of the transmission and sense transistors, since the 
sense amplifier is in a completely safe state during the 
data period. The. current gain ratio of the transmission and 
sense transistors is approximated by the ratio of channel 
width W and channel length L of the two transistors. When 
Wt/Lt=Kt for the transmission transistor and Wa/La=Ka for the 
sense transistor, a Ka/Kt= 2 to 10 is desirable. The 
minimum value of Ka/Kt is the lower limit at which a sense 
contact point of higher potential may be discharged, and the 
maximum value is the upper limit at which the sense contact 
point potential does not excessively fall when sensing 
starts . 

During refresh period t4, the capacitor of the memory 
cell is in hold state because high potential data H of about 
4 V or low potential data L is provided from digit lines and 
word pulse 0w potential becomes low. The potential of sense 
pulse 0s becomes low, the sense amplifier is inactivated, 
connection pulse 0c potential rises, and reset period ti is 
entered. Then, the potential of dummy word pulse 0DW falls. 
The dummy write period t5, in which dummy word pulse 0DW 
potential is high in the reset period, is 10 to 40 ns . In 



- 6 - 



dummy write period t5, the digit lines reach an intermediate 
potential of about 2 V from a high potential of about 4 V 
for one line and a low potential of about 0 V for the other 
line, and the intermediate potential is stored in the 
capacitor of the dummy cell. 

As described above, since the pair of digit lines is 
precharged from the power source within the data period, no 
precharge is required during reset and cycle time can 
therefore be shortened. Access time is as the period in 
which only the sense amplifier is in stable state. High 
speed access can be achieved by discharging a capacitance of 
0.01 to 0.05 pF from a sense contact point, compared to the 
access time achieved after normal digit line discharge of 1 
pF or more using the sense transistor. In addition, the 
circuit configuration of the dummy cell is the same as that 
of the memory cell, and high/low potential data to the 
memory cell can be stored as electric charge of intermediate 
potential. Therefore, dummy cell data for each type of 
potential data provides the same potential difference to the 
sense circuit, enabling highly sensitive, reliable sense 
operation . 

In the above embodiment, a two-transistor memory 
circuit, which reads high potential data from one of the 
digit lines and low potential data from another digit line, 
can also be implemented by driving two memory cells 
connected to a pair of digit lines using one word line or by 
simultaneously driving two word lines. Such a circuit 
reads data reliably and no dummy cell is required, enlarging 
operation margin. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial circuit diagram showing an 
embodiment of this invention. 

Figure 2 is a timing chart illustrating the operation of 
the embodiment shown in Figure 1 . 
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101, 102: Sense transistors 

D, D: Digit lines 

Wl, W2 . . . . : Word lines 

DW1, DW2 . . . . : Dummy word lines 

103, 104: Transmission transistors 

105: Connection transistor 

106, 107: Input/output transistors 

108, 109: Precharge transistors 

Attorney, Agent : Susumu Uchihara 
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January 25, 1985 

To Director-General of the Patent Office 

1. Designation of the Case: Patent Application 7975 in 1978 

2. Title of the Invention: Memory Circuit 

3. Amending Person: 

Relation to the case: Applicant 

Representative: Sekimoto Tadahiro 

5-33-1 Shiba, Minato-ku, Tokyo 
NEC Corporation 

4. Attorney, Agent: Susumu Uchihara 

5. Amount of Inventions Added by this Amendment: 2 

6. Amended Item: WHAT IS CLAIMED 
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7. Amended Contents 



1. A memory circuit comprising a pair of interconnected 
transistors, where the gate of each transistor is connected 
to the drain (or the source) of the other transistor, a pair 
of digit lines, a first means for connecting the digit lines 
to the interconnection points of the pair of transistors, 
and a second means for selectively connecting the digit 
lines, and where the potential of the digit lines and that 
of the connection points of the pair of transistors are 
almost equivalent using the first and second means. 

2. A memory circuit comprising a sense amplifier, a pair 
of digit lines, a means for connecting the digit lines to 
the sense amplifier, and a short circuiting means for 
connecting the digit lines for a specific time, and where 
potential of the digit lines is set to an intermediate 
level, lower than the power potent ial ,. using the short 
circuiting means. 

3. A memory circuit comprising a pair of digit lines, 
dummy cells connected to the digit lines, a means for 
setting the potential of the digit lines to an intermediate 
level lower than the power potential by short-circuiting the 
pair of digit lines, and a means for selectively energizing 
the dummy cells to write the intermediate potential level on 
the pair of digit lines into the dummy cells . 
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